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• includes momentum-suppressed interactions 
• points out that momentum/velocity-

suppressed interactions generically give rise 
to “novel” nuclear responses



Motivating question:

How important are these novel nuclear 
responses?

Depending what you mean by “important”…  
• trivially important, 
• more important for highly momentum-

suppressed interactions and big target nuclei 
with large spin, especially if large nuclear 
recoil energies are probed in the experiment
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Review and Motivation

Effective Theory of Dark Matter Direct Detection

Effect of Nuclear Responses in Direct Detection
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Review and Motivatio

Effective Theory of Dark Matter Direct Detection

Effect of Nuclear Responses in Direct Detection
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���11 figure idea taken from W. Haxton, UCLA dark matter workshop slide
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WIMP-nucleon

WIMP-nucleus

DM direct detection



���12 figure idea taken from W. Haxton, UCLA dark matter workshop slide

ultraviolet

WIMP-nucleon

WIMP-nucleus

DM direct detection

(~10 relevant 
non-relativistic 

operators)

(5 independent 
types of nuclear 

responses)



���13

ultraviolet

WIMP-nucleon

WIMP-nucleus

DM direct detection

nucleonnucleon

DM DM (�)

(N)

i
~q

mN

~v? ⌘ ~v +
~q

2µN

~S�

~SN

(
non-rel operator building blocks

Lint ⇠ �̄O��N̄ONN

SI : �̄�N̄N ! 1�1N

SD : �̄�µ�5�N̄�µ�
5N ! ~S� · ~SN

⇠ ~v

~q

(for more detail/precise definitions, see 
1203.3542. See  also 1211.2818, 1308.6288)



���14

WIMP-nucleon

WIMP-nucleus

nucleusnucleus

DM DM (�)⇠ ~v

~q

(T )

nucleonnucleon

DM DM (�)

(N)

⇠ ~v

~q

(usual) spin-
independent 

response

1

⇠ Z for proton coupling

⇠ (A� Z) for neutron coupling

(M)



���15

WIMP-nucleon

WIMP-nucleus

nucleusnucleus

DM DM (�)⇠ ~v

~q

(T )

nucleonnucleon

DM DM (�)

(N)

⇠ ~v

~q

~S� · ~SN

= (~S� · q̂)(~SN · q̂) + (~S� ⇥ q̂) · (~SN ⇥ q̂)

longitudinal 
spin-

dependent 
response

transverse 
spin-

dependent 
response

+

(⌃00) (⌃0)



���16

WIMP-nucleon

WIMP-nucleus

nucleusnucleus

DM DM (�)⇠ ~v

~q

(T )

nucleonnucleon

DM DM (�)

(N)

⇠ ~v

~q i
~q

mN

~v? ⌘ ~v +
~q

2µN

~S�

~SN

(
non-rel operator building blocks

(usually)

operators involving ~v?

orbital 
angular 

momentum-
dependent 
responses
(�,�00)



Response functions,                 encapsulate the 
nuclear physics portion of the scattering cross-
section.
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Review and Motivatio

Effective Theory of Dark Matter Direct Detection

Effect of Nuclear Responses in Direct Detection
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Use UV-motivated models to explore the 
“importance” of the novel response functions.
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Individual spin responses and orbital angular 
momentum responses naturally arise and dominate.
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E.g. Anapole:

same as in
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(µ̃ =

magnetic moment

nuclear magneton

)

small ER

according to shell model:
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new. EFT allows for a 
more systematic 
exploration of such 
possibilities…
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Sensitivity of various targets is well-characterized* by 
the zero-momentum transfer limit of the relevant 
response function. 

*This is true at least for light targets and/or light DM.

table from 1401.3739 
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The fact that the hierarchy of sensitivity of various 
DD targets is different for the novel responses is 
important. (At some level this is really just an 
acknowledgement that orbital angular momentum could be 
playing a role in the interaction.)

It’s also important to have nuclear physics 
calculations under control so that we know more 
precisely what the hierarchy is....



th = given the Fitzpatrick et al responses 
lit = given the most state-of-the-art nuclear             
  physics calculation in the literature 
exp = measured ���25
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The fact that the hierarchy of sensitivity of various 
DD targets is different for the novel responses is 
important. (At some level this is really just an 
acknowledgement that orbital angular momentum could be 
playing a role in the interaction.)

It’s also important to have nuclear physics 
calculations under control so that we know precisely 
what the hierarchy is....

What about the energy (momentum) 
dependence of the novel responses?
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the novel energy dependence of novel nuclear 
response functions. 

r = foil rate / correct rate

see 1401.3739, Sec. III 
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Anapole, mc=80 GeV HsolidL, 250 GeV HdottedL
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Hq4êqref4LâLongitudinal-Spin-Dependent H f3n= f3pL, mc=80 GeV HsolidL, 250 GeV HdottedL
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Motivating question:

How important are these novel nuclear 
responses?

Depending what you mean by “important”…  
• trivially important, 
• more important for highly momentum-

suppressed interactions and big targets with 
large spin, especially if large nuclear recoil 
energies are probed
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